Introduction
Searching for exact solutions of nonlinear evolution equations (NLEEs), plays an important role in the study of these physical phenomena and gradually becomes one of the most important and significant tasks. Influential methods which make it possible to generate exact traveling wave solutions to nonlinear equations have emerged from the literatures in the past decades. Among them are the homogeneous balance method [1, 2] , the hyperbolic tangent expansion method [3, 4] , the trial function method [5] , the nonlinear transform method [6] , the theta function method [7] [8] [9] , the inverse scattering transform [10] , exp(−ϕ(ξ ))-expansion method [11] [12] [13] , Exp-function method [14, 15] , (G ′ /G)-expansion method [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , the Hirota bilinear method [28] , the Painleve'-expansion [29] and so on. Recently, Alam et al. [30] established a reliable and highly effective extension of the (G ′ /G)-expansion method, called the novel (G ′ /G)-expansion method to generate many new exact traveling wave solutions. In consequence, numerous articles using the said method appeared in the literature and investigated the NLEEs, with the aim to construct traveling wave solutions via this powerful method, [31] [32] [33] [34] . For a purpose, this manuscript is an originally explorative study pertaining to the novel (G ′ /G)-expansion method aptitude measure, for solving NLEEs, illustrated through its application to the regularized long wave equation.
The remainder of the manuscript is ordered as follows: In Section 2, the method and an important Remark 1 are given. In Section 3, we will apply this method to obtain the exact traveling wave solution of the regularized long wave equation. In Sections 4, we will give physical explanation and graphical representation of obtained solutions and in Sections 5, we will give discussions. Conclusion is given in the last section.
The method
Suppose the nonlinear evolution equation is of the form H(u, ux , uy , uz , u t , u tx , u yt , uxx , uyy , u xxx , · · · · · · · · · ) = 0,
When we look for its exact traveling wave solutions, the first step is to introduce the wave transformation,
Substituting, Eq. (2) into Eq. (1), then we get the associated ODE for, u = u(ξ ):
where we are assuming that, u = u(ξ ), can be expressed in powers of, ψ(ξ ),
with,
In Eq. (4), α −N or α N may be zero, but both of them could not be zero simultaneously. The coefficients,α j (j = 0, ±1, ±2, · · · , ±N), and d are constants to be determined, while G = G(ξ ) must satisfy the second order nonlinear ODE:
In Eq. (6), λ, µ, and ν, are real parameters and the derivatives are with respect to ξ . Using the Hopf-Cole transformation, (see related far reaching physical applications in [35] [36] [37] and their references),
, reduces the Eq. (6), into the Riccati equation:
According to Zhu, [38] , and references therein, Eq. (7) has twenty five different solutions.
To determine the balance parameter, N, we usually balance linear terms of the highest order derivative term in the resulting equation with the highest order nonlinear terms. N is a positive integer, in most cases. With N determined, we substitute Eq. (4) including Eqs. (5) and (6) into Eq. (3), we collect all polynomials in
)︁ j , and
. Setting each coefficient of the resulting polynomials to zero, yields an over-determined system of algebraic equations for α j , (j = 0, ±1, ±2, · · · , ±N), d and V. Finally, suppose the value of the constants can be obtained by solving the algebraic equations obtained in Step 4 , by substituting the values of the constants together with the solutions of Eq. (6), we will obtain new and comprehensive exact traveling wave solution of the nonlinear evolution equation, Eq. (1).
Remark 1
It is significant to examine that if we substitute λ by −λ and µ by −µ and set υ = 0 in Eq. (6) [16] . Moreover, if we set ν = 0 in Eq. (6) and the α j (j = 1, 2, 3, · · · , N) are allowed to be functions of x and t instead of being constants, then the method becomes the generalized the (G ′ /G)-expansion method introduced by Zhang et al. in [22] . Therefore, all the methods described and used in the references, [16, 21, 22, 25, 26] , turn out to be special cases of the novel (G ′ /G)-expansion method, presented herein.
Applications of the method
In this section, we use the method to obtain some new exact traveling wave solutions of the celebrated regularized long wave equation. Consider the regularized long wave equation,
Where, α and β are non-zero real constants. Making use of the traveling wave transformation, ξ = x − V t, Eq. (8) reduces to the following ordinary differential equation,
Integrating Eq. (9) once with respect to ξ , we obtain
where C is a constant of integration. Considering the homogeneous balance between the highest order derivative u ′′ and the nonlinear term of the highest order u 2 appearing in Eq. (10), we obtain N = 2. Therefore, the solution of Eq. (10) takes the form,
Substituting Eq. (11) into Eq. (10), the left hand side is transformed into polynomials of
)︁ j and,
. Equating the coefficients of like power of these polynomials to zero, we obtain an over-determine set of algebraic equations (for simplicity we leave out to display the equations) for α 0 , α 1 , α 2 , α −1 , α −2 , d, C and V. Now, solving the over-determined system of algebraic equations by using the symbolic computation software, such as Maple 13, we obtain Set 1
where α, β, d,V, λ, µ and υ, are arbitrary constants.
Set 2
where V, d, λ, α, β, µ and υ are arbitrary constants.
Set 3
where λ, V, α, β, µ and υ are arbitrary constants.
Substituting (12)- (14) into solution (11), we obtain
where ξ = x − Vt, and α, β, d, λ, µ and υ are arbitrary constants.
where ξ = x − Vt, and, λ, µ and υ are arbitrary constants.
where ξ = x − Vt, and d, λ, µ and υ are arbitrary constants. Substituting the value of (16) and simplifying, we achieve the following:
where ξ = x − V t, and d, λ, µ and ν are arbitrary constants.
where A and B are real constants.
where A and B are arbitrary constants such that A 2 − B 2 > 0.
When µ = 0 and λ (ν − 1) ≠ 0,
where k is an arbitrary constant. When (ν − 1) ≠ 0 and λ = µ = 0, the solution of Eq. (8) is,
where c 1 is an arbitrary constant. Substituting the solutions G(ξ ) of the Eq. (6) into Eq. (17) and simplifying, we obtain the following solutions:
When Ω = λ 2 − 4 µ ν + 4 µ > 0 and λ (ν − 1) ≠ 0 (or µ (ν − 1) ≠ 0),
where ξ = x − Vt, and d, λ, µ and ν are arbitrary constants.
Similarly, we can write down the other families of exact solutions of Eq. (8) which are omitted for convenience.
When Ω = λ 2 − 4 µ ν + 4 µ < 0 and λ (ν − 1) ≠ 0 (or µ (ν − 1) ≠ 0),
The other families of exact solutions of Eq. (8) are omitted for convenience. When µ = 0 and λ (υ − 1) ≠ 0,
where c 1 is an arbitrary constant. We can write down the other families of exact solutions of Eq. (8) which are omitted for convenience. Finally, substituting the solutions G(ξ ) of the Eq. (6) into Eq. (18) and simplifying, we obtain the following solutions:
where ξ = x − V t, and λ, µ and ν are arbitrary constants.
For simplicity we omitted others families of exact solutions.
where k is an arbitrary constant. When (ν − 1) ≠ 0 and λ = µ = 0, the solution of the generalized regularized long wave (RLW) equation is, Solutions u 18 (x, t) and u 125 (x, t) are soliton. Solitons are special kinds of solitary waves. The soliton solution is a specially localized solution, hence u
A solitons has the remarkable property of keeping its identity upon interacting with other solitons. Fig. 3 shows the soliton obtained from Solution u 18 (x, t). Solutions, u 112 (x, t), u 114 (x, t), u 117 (x, t)− u 122 (x, t), u 212 (x, t), u 213 (x, t), u 314 (x, t) and u 214 (x, t) represent the exact periodic traveling wave solutions. Periodic solutions are traveling waves that are periodic such as cos(x − t). Fig. 4 below shows the periodic solution u 112 (x, t) .
Solutions, u 113 (x, t), u 115 (x, t), u 312 (x, t), u 313 (x, t) and u 1 16 (x, t) are the exact singular periodic traveling wave solutions. Fig. 5 below shows singular periodic solutions, u 113 (x, t) .
Solutions u 123 (x, t) and u 124 (x, t) are called bell-shaped sec h 2 solitary traveling wave solution. Fig. 6 shows the shape of bell-shaped sec h 2 solitary traveling wave solutions, u 123 (x, t).
Solutions, u 21 (x, t) − u 23 (x, t), u 33 (x, t)represent Kinks. Kink waves are traveling waves which arise from one asymptotic state to another. Kink solutions approach a constant at infinity. Fig. 7 below shows the shape of the exact Kink-type Solutions u 21 (x, t) of the regularized long wave equation (8) . The solution u 225 (x, t),u 32 (x, t) comes to infinity as in trigonometry, and are singular Kink solutions. Fig. 8 shows the shape of the exact singular Kink-type solution (only shows the shape of solution u 225 (x, t) with λ = 1,
Finally, solution u 325 (x, t) represent compacton. Compacton is a new class of solitons with compact spatial support such that each compacton is a soliton confined to a finite core. Compactons are defined by solitary waves with the remarkable soliton property that after colliding with other compactons, they re-emerge with the same coherent shape. These particles like waves exhibit elastic collisions that are similar to the soliton collision. Fig. 9 shows the shape of the exact compacton solution u 325 (x, t) of the regularized long wave equation. Fig. 1 Graph of cuspon solution ) , ( Fig. 3 Graph of soliton solution ) , ( 
Graphical representation
1 1 t x u for 1  V , 1   , 1    , 2   , 1  d , 1   with 10 , 10    t x .t x u for 1  V , 1   , 1    , 2   , 1  d , 1   with 10 , 10    t x .8 1 t x u for 1  V , 1   , 1    , 2   , 1  d , 1   with 10 , 10    t x .t x u for 1  V , 1   , 1    , 2   , 1  d , 1   with 10 , 10    t x . Fig. 3 Graph of soliton solution ) , ( 8 1 t x u for 1  V , 1   , 1    , 2   , 1  d , 1   with 10 , 10    t x .
Graphical representation 5 Discussion
Foremost, we have checked the obtained solutions by putting them back into the original equation and found them correct. From the above solutions we observe that, if we put ν = 0, d = 0, λ and µ are replaced by −λ and −µ respectively in our solutions then Kabir et al.'s [27] solution (13) 
). 28 Fig. 4 Graph of periodic solution ) , ( [27] did not find any more solution, but by using the proposed new (G ′ /G)-expansion method, for set 1, apart from these solutions, we obtain twenty more new solutions. The solutions obtained in this article for set 2 and for set 3 are not obtained by Kabir et al. It can be shown that solutions obtained by the improved (G ′ /G)-expansion method [21] and the basic (G ′ /G)-expansion method [16] are only special cases of our novel (G ′ /G)-expansion method (Please recall Remark1, above).
novel (G ′ /G)-expansion method together with the generalized Riccati equation. The traveling wave solutions are expressed in terms of the hyperbolic, the trigonometric and the rational functions. The performance of this method is trustworthy and gives many new solutions. Moreover, one of our obtained solutions is in good agreement with the existing results which validates our other solutions. Therefore, the novel (G ′ /G)-expansion method together with the generalized Riccati equation can be further used to solve many nonlinear evolution equations which frequently arise in various scientific real time application fields. Further, future directions of the research work will be towards solving complicated application problems and resolving difficulties using the aforementioned method.
